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S U M M A R Y
Objective: The aim of the current study was to extrapolate incidences for respiratory tract infections (RTI)
using referral data from a local hospital in Ghana weighted by the individual likelihood of a hospital visit.
Methods: Diagnoses from children visiting a rural hospital in Ghana during August 2007 to September
2008 were recorded. A logistic regression model, based on a population study conducted within the
hospital catchment area, was used to calculate the individual probability of clinic attendance and to
extrapolate the number of recorded cases. Cumulative incidences for children living in the hospital
catchment area were estimated.
Results: Upper RTI was the most common respiratory diagnosis, with an extrapolated incidence of
17 481 cases per 100 000 per year, followed by pneumonia with an incidence of 2496 per 100 000 per
year. All diseases analyzed were most common in the ﬁrst year of life.
Conclusions: In general the study results are in line with comparable studies. Several methodological
issues biasing the results in different directions were identiﬁed. For example, opportunistic infections
that are more often observed in hospital attendees are likely to be overestimated. However, the applied
approach presents a tool for areas where disease monitoring systems are not established.
 2012 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
International Journal of Infectious Diseases
jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
Acute respiratory infections (ARIs) account for 22% of deaths in
children worldwide, with pneumonia as the single leading cause of
death.1,2 Seventy percent of these deaths from ARI in childhood
occur in African and Asian countries.3 Even though many ﬁgures on
the worldwide distribution of respiratory tract infections (RTIs)
exist, the quality and the precision of these data differ tremen-
dously between regions. In the heavily burdened developing
countries in particular, data for a detailed picture on disease
occurrence are lacking due to insufﬁcient surveillance or disease
monitoring systems.4,5 Within the last few years, new strategies to
estimate and extrapolate infectious disease rates have been
developed. Much has been learned from the course of the HIV/
AIDS pandemic, where new concepts were developed to obtain
reliable data for countries with weak surveillance systems.6 The
hospital surveillance concept has frequently been applied to
extrapolate HIV rates on the basis of HIV-positive women* Corresponding author. Tel.: +49 40 42818 535.
E-mail address: krumkamp@bnitm.de (R. Krumkamp).
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doi:10.1016/j.ijid.2012.02.003attending antenatal clinics. Here, the HIV prevalence among the
general female population of reproductive age within a region is
estimated by adjusting data observed among the antenatal clinic
attendees. Via these groups, disease rates for the greater
population can be derived.7–9 However, this method has to
account for several selection biases. Cases identiﬁed via the
hospital screening approach are often not representative of the
underlying population because they are more likely to have better
access to health care services.10–12 If these selection biases are left
unaccounted for, the hospital data will lead to an unrepresentative
picture of disease occurrence. A way to address these biases is to
consider a cases’ probability of attending the clinic when
extrapolating disease rates for the underlying population.
The aim of this study was to estimate disease rates of different
RTIs among children in Ghana’s Ashanti Region, using case records
from the Agogo Presbyterian Hospital (APH), and taking the
individual probability of hospital attendance into account.
2. Methods
The study was performed in the area covered by the APH,
Asante Akim North District, Ashanti Region, Ghana. This region hasses. Published by Elsevier Ltd. All rights reserved.
R. Krumkamp et al. / International Journal of Infectious Diseases 16 (2012) e429–e435e430an estimated population of 142 400 inhabitants, spread over 1160
square kilometers. The area has a tropical climate and is mainly
covered by secondary rain forest and cultivated land.13
2.1. Datasets
The current study was based on datasets from two studies: (1) a
cross-sectional study conducted throughout the APH’s catchment
area (community survey) to assess the probability of a child
visiting the clinic, and (2) a hospital survey to assess diagnoses
made during the study period at the APH. Since the community
survey is a random sample of individuals living in the hospital
catchment area, it is assumed to be representative of the
population of potential clinic attendees.
2.1.1. Community survey
A random sample of parents living in the catchment area of the
APH were interviewed. The number of selected individuals for each
village was proportional to the size of the village population
according to the Ghana census for the year 2000.14 Questions were
asked about household characteristics, education, jobs and
ﬁnancial situation, and health behavior. Furthermore, parents
were asked where they would seek medical advice in the case that
their child was to show particular disease symptoms. The
geographic position of the interviewee’s residence was assessed
via a GPS (global positioning system) receiver. The interviews were
conducted between May and September 2008. The dataset
comprises 7226 intreviews.
2.1.2. Hospital survey
Children up to 14 years of age, who were visiting the outpatient
department or who were admitted to APH’s pediatric ward
between September 2007 and August 2008, were included in
the hospital survey. Comparisons with the ofﬁcial hospital records
showed that about 70% of the pediatric hospital attendees were
included in the survey. For each child, all symptom-based
diagnoses made were documented. Since the current analysis
was focused on RTIs, diagnoses included were: upper respiratory
tract infection (URTI), bronchitis, pneumonia, lobar pneumonia,
and tuberculosis (TB). Questions applied in the community survey
were also asked to obtain socioeconomic information from the
hospital attendees. This was part of a sub-study, only applied to a
fraction of the study participants (20.2%). In the case of a child
repeatedly recorded with the same diagnosis, only the ﬁrst
observation was included in the calculations.
2.2. Study design
Different analytical steps were conducted for the study, which
are outlined below. The analysis was conducted with SAS 9.2 (SAS
Institute Inc., Cary, NC, USA).
2.2.1. Literature review on factors inﬂuencing hospital attendance
The aim of the literature review was to identify factors with a
known inﬂuence on the utilization and accessibility of health care
services in developing countries. Knowledge of these factors was
necessary to set up a plausible logistic regression model for
calculating probabilities of hospital attendance. The underlying
literature search was conducted in MEDLINE with PubMed using
the following search syntax: (((‘‘Health Services/utilization’’[-
Mesh:NoExp] OR ‘‘Health Services Accessibility’’[Mesh:NoExp])
AND ‘‘Developing Countries’’[Mesh]) AND ‘‘Review’’[Publication
Type:NoExp]).
The literature search was conducted on July 11, 2010 and was
limited to review articles and to journal articles published in
English in the last 15 years. Studies were excluded from theanalysis if they focused on mental health, on treatment options for
chronically ill patients (e.g., HIV cases), or on the access to disease
prevention programs.
2.2.2. Constructing additional study variables
At the time of writing, no detailed maps or satellite images of
the Ashanti Region were available for measuring the road distances
between the interviewees’ residences and the APH. Therefore, the
straight-line distance (in kilometers) between these places was
calculated from the recorded GPS coordinates using Vincenty’s
formula, which describes the distance between geographical
coordinates, taking the earth’s curvature into consideration.15,16
In the datasets, no reliable measures or single proxies for the
individual socioeconomic status (SES) were available, therefore an
SES index was constructed via a principal component analysis
(PCA) using data on ownership of assets, individual living
conditions, and the educational level of the interviewees.17–19
The score was constructed with data from the community survey
and ﬁnally applied to the individuals in the hospital survey to
determine hospital attendees’ SES. However, this was only possible
for those hospital attendees who had complete socioeconomic data
for inclusion in the formulae.
2.2.3. Bivariate analysis and regression modeling
The community survey was analyzed via bivariate analysis and
multiple regression modeling to construct a model that describes
the individual likelihood of clinic attendance. The model was
ﬁnally applied to calculate the probability of clinic attendance for
the cases identiﬁed in the hospital survey.
The variables identiﬁed in the literature review were consid-
ered for the model. The model regressand (i.e., dependent variable)
was based on the study question regarding whether children with
‘coughing for 1 week’ or with ‘severe breathing’ would attend the
APH. In a bivariate analysis, the association between variables
considered for the regression model and the model regressand
were calculated. Dichotomous variables were analyzed via cross
tables (odds ratios (ORs) and the 95% conﬁdence limits (CLs));
normally and non-normally distributed continuous variables were
compared with t-tests and Kruskal–Wallis tests, respectively.
Because of the high quantity of missing data in the hospital
survey, several logistic regression models with different sets of
variables were constructed, to which the model results were
applied. Thus, the constructed probability models had to represent
the combinations of variables observed in the hospital survey. The
individual probability (pi) of clinic admission was calculated via
the logistic function, as given in Equation 1.20,21 By doing so, the
probability of an individual with a particular variable combination
attending the APH was estimated. The CLs were calculated based
on the standard error of the regression models. The model
construction was done content-wise, based on epidemiological
evidence assessed in the literature review. To ﬁnally decide on the
variables to be included in the probability models, the log-
likelihood ratio test was used to compare the model ﬁt of simpler
models against more complex ones.21
EðYijXi1;    ; XikÞ ¼ pi
¼ 1=ð1 þ expððb0 þ bi1Xi1 þ    þ bikXikÞÞÞ (1)
2.2.4. Extrapolating infectious disease rates
The estimated probabilities were used to weight each hospital
case in order to extrapolate the additional, yet unobserved cases in
the underlying population. The weighted cases were accumulated
in order to obtain the expected number of cases (C) (Equation 2). As
mentioned above, the hospital survey has an estimated complete-
ness (a) of 70%. In order to account for the missing diagnoses the
Table 1
Descriptive statistics of interviewee characteristics from the community survey, in
the Ashanti Region, Ghana, 2008 (N = 7226)
Variables Statisticsa Frequency
missingb
Female interviewees 98.6% (7121) 0.0% (1)
Interviewee age, years Mean 37.1, SD 13.1, range 15–86 0.3% (19)
Household heads 28.2% (2040) 0.0% (1)
Health insured 37.9% (2736) 0.0% (1)
Number of children in
household
Mean 3.1, SD 2.1, range 0–25 0.0% (0)
Number of adults in
household
Mean 2.9, SD 1.8, range 0–20 0.0% (0)
SD, standard deviation.
a If not otherwise speciﬁed, frequencies are given in the format: % (number of
observations).
b Missing observations, not considered in the statistics.
Table 2
Descriptive statistics of characteristics of the children visiting the Agogo
Presbyterian Hospital between August 2007 and September 2008 (hospital survey,
N = 4631)
Variables Statisticsa Frequency
missingb
Female attendees 48.3% (2234) 0.1% (3)
Attendee age, years Mean 3.5, SD 3.5, range 0–14 0.0% (2)
Health insured 74.6% (667) 80.7% (3737)
Number of children
in household
Mean 3.3, SD 2.3, range 1–36 80.2% (3714)
Number of adults
in household
Mean 3.0, SD 1.7, range 0–16 80.2% (3712)
SD, standard deviation.
a If not otherwise speciﬁed frequencies are given in the format: % (number of
observations).
b Missing observations, not considered in the statistics.
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identiﬁed cases by a (Equation 3). Finally, cumulative incidences
for the study area were derived using Equation 4, where N is the
number of children up to 14 years of age living in the hospital
catchment area.14,22
C ¼ Sð1= piÞ (2)
Ca ¼ Sðð1=aÞ= piÞ ¼ Sð1=ða piÞÞ (3)
Incidence ¼ ðCa=NÞ  100 000 (4)
Because models of different complexity were used to estimate
disease rates, the effect of using a minimal model compared to the
model that best estimates clinic attendance was determined.
Children infected with an RTI, for whom there was sufﬁcient data
to calculate the full regression model, were selected. For these
cases a minimal probability model, based on the variable ‘distance
to the clinic’ only, and a full regression model was applied to
extrapolate cases, and the percent difference between these results
was calculated.
3. Results
The results are presented according to the sequence outlined in
the methods section.
3.1. Literature review on factors inﬂuencing hospital attendance
Two hundred and twelve articles were found with the
constructed search syntax. Finally, 11 articles were included in
the literature review (details not shown). The effect of (1)
socioeconomic status, (2) education of the household head, (3)
distance to the hospital, (4) availability of alternative health
facilities, and (5) personal health insurance, were consistently
mentioned in most of the studies. Health knowledge and the
perceived quality of the health facilities were also factors
highlighted in many reviews. However, data for these factors
were not available in the datasets and therefore could not be
included in the analysis.
3.2. Descriptive analysis of the study datasets
The dataset of the community survey contained 7226 inter-
views. Nearly all interviewees (98.6%) were female. The mean age
of the interviewees was 37.1 years (standard deviation (SD) 13.1),
ranging from 15 to 86 years. The mean number of people living
within a household was six (SD 2.8), ranging from zero to 32
people. The study participants lived in 83 villages throughout the
study area, yet half of all interviews were carried out in the villages
of Konongo, Agogo, Odumasi, Dwease, and Patriensah, where 16.4%
(n = 1185), 15.2% (n = 1100), 8.7% (n = 629), 5.2% (n = 372), and
4.7% (n = 341) of all interviews were conducted, respectively. Of
the interviewed families, 37.9% reported being enrolled in a health
insurance program. A statistical description of the community
survey is given in Table 1.
The hospital survey encompassed 6889 observations, which
were visits made by 4631 children, of whom the majority attended
the APH once during the study year (70.2%). Children visiting the
hospital twice, three times, or four times accounted for 18.4%, 6.7%,
and 2.9%, respectively. The maximum number of visits made by
one child was nine. Of the hospital attendees, 48.3% were female.
Their mean age was 3.5 years (SD 3.5), ranging from 0 to 14 years.
Of the children, 74.6% were enrolled in the national health
insurance program. A statistical description of the hospital survey
is given in Table 2.3.3. Constructing additional study variables
The mean, median, and mode value for the calculated individual
‘distance to the clinic’ were 18.5 km, 17.4 km, and 0.0 km,
respectively, with a maximum distance of 38.5 km. Twenty-ﬁve
percent of the study group lived within a distance of 10.4 km, while
75% lived up to 25.0 km away from the APH.
The nine variables house type, cooking inside, own toilet,
electricity, water supply, fridge, managing income, mother literate,
and father literate were used to set up an SES score via PCA. Finally,
the ﬁrst principal component, with an eigenvalue of 2.5, was used
to construct the SES score. The SES score ranged from 2.9 to 3.3.
This variable was not further classiﬁed into SES groups and was
included in the regression models as a linear predictor.
3.4. Bivariate analysis and regression modeling
Of the interviewees within the community survey, 48.6%
reported that they would send their child to the APH if they
showed symptoms of severe breathing and 37.3% would visit the
APH if their child had a cough for 1 week. All variables considered
for the probability model, namely distance to the APH (in km),
alternative health facility in the community (y/n), being health
insured (y/n), and the SES score (continuous without unit), were
associated with hospital admission. Having a health facility within
the community decreased the likelihood of visiting the APH by
23.0%. Being health insured showed a positive effect on potential
clinic attendance and doubled the probability of sending the child
to the APH. Also study participants who had a higher SES score
were more likely to report potential clinic admission. The mean
value of the SES score was signiﬁcantly higher in the group that
would visit the hospital if their child showed respiratory
Table 3
Bivariate analysis of factors associated with the probability of hospital attendance (community survey; N = 7226)
Independent variables Hospital attendance
Health facility in the community; OR given per km distance increase (cross tables) OR 0.8; 95% CL 0.7–0.9
Health insured (cross tables) OR 2.1; 95% CL 1.9–2.4
SES score (t-test) Mean Yesa 0.1 (SD 1.5) p < 0.01
Nob 0.5 (SD 1.6)
Distance to APH, km (Kruskal–Wallis Chi-square) Median Yesa 8.9 (Q1 0.4, Q3 16.6) p < 0.01
Nob 18.9 (Q1 13.4, Q3 29.4)
OR, odds ratio; CL, conﬁdence limit; SES, socioeconomic status; SD, standard deviation; APH, Agogo Presbyterian Hospital; Q1, ﬁrst quintile; Q3, third quintile.
a Yes = would attend APH in case respiratory symptoms are present.
b No = would not attend APH in case respiratory symptoms are present.
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the clinic (Table 3).
Four logistic regression models (models A to D), based on
different variable combinations, were constructed in order to
address common combinations of available values present in the
hospital survey. Model A contained all variables considered for the
regression model. Model B contained all variables of model A,
except ‘being health insured’, model C contained all variables of
model A, except the SES score, and model D contained the effect of
distance to the APH solely. Table 4 shows the ORs, the
corresponding CLs, and the regression estimates (bs) of the
models. The likelihood ratio test showed that removing variables
decreased the quality of the models signiﬁcantly (see Table 4).
3.5. Extrapolating infectious disease rates
From the 4631 children included in the incidence calcula-
tions, 18.0%, 0.7%, 1.1%, and 80.2% were allocated to models A, B,
C, and D, respectively. Thus, the probability modeling is mainly
based on model D, built on the individual ‘distance to the APH’Table 4
Logistic regression results of ﬁve probability models on clinic attendance computed fr
Independent variables Hospital
Model A
Intercept b0 1.6 
Distance to APH (per km) OR 0.9 
95% CL 0.9–0.9 
b 0.1 
Health facility in the community OR 0.9 
95% CL 0.7–1.0 
b 0.2 
Being health insured OR 2.2 
95% CL 1.9–2.5 
b 0.8 
SES score (per SES unit) OR 1.2 
95% CL 1.1–1.3 
b 0.2 
p-Value of the likelihood ratio test (Chi-square)
Against model A Ref. 
Against previous model Ref. 
OR, odds ratio; CL, conﬁdence limit; APH, Agogo Presbyterian Hospital; SES, socioecon
Table 5
Observed hospital cases, extrapolated number of cases, percent difference between obs
area Ashanti Region, Ghana, September 2007 to August 2008
Disease Observed cases Extrapolated cases 
URTI 1741 5918 
Pneumonia 286 845 
Lobar pneumonia 29 84 
Bronchitis 21 51 
Pulmonary TB - - 
URTI, upper respiratory tract infection; TB, tuberculosis; CL, conﬁdence limits (calculatsolely. The mean probability for hospital admission was 0.6
(range 0.03–0.9).
Table 5 summarizes the actual numbers of observed hospital
cases, the extrapolated numbers of cases, their rate differences, and
the extrapolated cumulative incidences per 100 000 children, for
the whole study area during the study year. On average, one
diagnosed case accounted for 3.4 extrapolated cases. In the
hospital catchment area, URTI was the most common diagnosis,
with a cumulative incidence of 17 481 per 100 000 per year,
followed by pneumonia with a cumulative incidence of 2496 per
100 000 per year. Ten percent of the pneumonia cases were
diagnosed with lobar pneumonia. Bronchitis was less frequent,
with a cumulative incidence of 149 per 100 000 children per year.
No child was diagnosed with TB during the study year.
URTI and lobar pneumonia were about equally distributed
between the sexes. The percentages of female cases with
pneumonia and bronchitis were slightly different, with 44.0%
and 59.3%, respectively. The mean ages of extrapolated children
diagnosed with URTI, pneumonia, lobar pneumonia, and bronchitis
were 2.2, 1.7, 2.9, and 1.7 years, respectively. For all infections, theom the community survey (n = 7226)
 attendance
 Model B Model C Model D
1.8 1.4 1.7
0.9 0.9 0.9
0.9–0.9 0.9–0.9 0.9–0.9
0.1 0.1 0.1
0.8 1.0
0.7–1.0 0.9–1.1
0.2 0.0
2.6
2.3–3.0
1.0
1.3
1.2–1.4
0.3
<0.01 <0.01 <0.01
<0.01 - <0.01
omic status.
erved and extrapolated cases, and cumulative incidence for the hospital catchment
Difference factor (extrapolated/observed) Incidence (per 100 000)
3.4 17 481 (CL 16 430–18 666)
3.0 2496 (CL 2368–2641)
2.9 248 (CL 235–262)
2.4 149 (CL 144–156)
- -
ed from the standard error of the best model).
Figure 1. Observed (dark gray) and extrapolated (light gray) cases for different respiratory tract infections in the Ashanti Region cumulated per month, from September 2007
to August 2008.
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year, and this decreased towards the upper ages. The median ages
of URTI, pneumonia, lobar pneumonia, and bronchitis cases were 1,
1, 2, and 0 years, respectively.
Figure 1 shows the seasonality of the analyzed diagnoses. For
URTI most cases were extrapolated for October 2007 (930 cases)
and a second peak was calculated for January 2008 (597 cases).
Also for pneumonia, lobar pneumonia, and bronchitis, the highest
numbers of cases were extrapolated for October 2007, with 208,
39, and 18 cases, respectively. All diseases showed a second minor
peak around April 2008.
3.6. Comparing model results
For the model comparison, all cases diagnosed with an RTI and
sufﬁcient data to run model A were selected and case extrapolation
was done on the basis of models A and D. In total 378 observations
were used for this analysis. By applying model A, 945 (CL 882–
1020) cases with an RTI were extrapolated, and by applying modelD, 1168 (CL 1106–1237) cases with an RTI were extrapolated. Thus,
model D led to a 23.6% excess of estimated cases.
4. Discussion
The aim of this analysis was to extrapolate disease incidences
for different RTIs in the Ashanti Region in Ghana, using hospital
records weighted according to the attendee’s probability of visiting
the clinic. The study showed that URTI was the most common
respiratory disease within the study region, with an annual
cumulative incidence of 17 481 cases per 100 000, followed by
pneumonia with an incidence of 2496 per 100 000. A seasonal
trend could be seen for the infections, with a peak in October and a
second, lower peak in the spring. All analyzed diseases were most
frequent in the ﬁrst year of life.
Age-independent annual incidences for URTI in Ghana varied
from 7.9% to 8.3% between the years 1995 and 2000.23 For the
South Asante Akim district, within the Ashanti Region in Ghana,
URTI was reported to be slightly higher, with an age-independent
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2005.24 In the current study an incidence of 17.5% was shown,
somewhat higher, which is likely due to the overall higher disease
rates observed in children.25,26
Data from the World Health Organization (WHO) indicated that
the age-independent incidence of pneumonia in Ghana increased
constantly between 1995 and 2000, from 0.73% to 1.26%.23
UNICEF’s Multiple Indicator Cluster Survey from 2006 (MICS3)
for Ghana estimated a point-prevalence of 4.8% and 5.3%, in boys
and girls under 5 years, respectively. The highest prevalence (6.8%)
was identiﬁed for infants aged between 12 and 23 months.27 In the
current study, a cumulative incidence of 2.5% was demonstrated,
however, with the inclusion of children aged between 0 and 14
years. Also our study found the highest incidence in children aged
up to 12 months. However, it has to be considered that the small
number of observed pneumonia cases does not allow robust
estimates for small age groups.
No TB case was detected at the APH in the current study and,
therefore, case extrapolation could not be done. According to WHO
statistics from 2006, the overall incidence and prevalence of TB in
Ghana are 203 and 379 per 100 000, respectively.28 Thus, TB is
considered a major public health problem in Ghana, however, with
a low case detection rate.23 Symptom-based diagnosis of pediatric
TB, as done in the current study, is particularly challenging since
the symptoms are often non-speciﬁc29,30 and cases are frequently
misdiagnosed with pneumonia, bronchopneumonia, or asthma.31
For lobar pneumonia and bronchitis, no comparative ofﬁcial
ﬁgures or study results were found.
The overall disease estimates from our study are in line with
published data from other studies. However, the applied approach
is subject to limitations that inﬂuence the accuracy of the
extrapolated disease rates.
In this study the number of hospital diagnoses was adjusted via
a logistic regression model. Due to missing data, different
regression models had to be applied, and the full regression
model (model A) could only be applied to 18.0% of the hospital
cases. However, the additional variables in model A increased the
probability of clinic attendance. This is because the bs of the
intercept and the variable ‘distance to the clinic’ were roughly
consistent throughout all models, though the additionally included
variables in general showed positive b-values. Thus, higher
probabilities are calculated using the more complex models,
which consequently lowered extrapolated disease rates (see
Equation 2). Therefore, the incidences, which are mainly calculated
from the simpler probability models, are likely to overestimate the
true disease rates.
The calculated distance to the clinic used for the probability
models gives the straight-line distance between the two coordi-
nates, taking the earth’s curvature into consideration. However,
this measure does not account for further factors impeding patient
transport to the clinic, such as height differences, road quality, the
availability of public transportation, and the associated travel
costs.32–34 All these factors have a known inﬂuence on the
accessibility of health services. Although the airline distance
ignores many factors, it has been shown to be a good proxy where
more accurate data are missing.35
The regressand of the logistic regression model is based on the
question of whether a child would attend the APH if they showed at
least one serious symptom of an RTI. This variable approximates
how parents would react if their child presented symptoms, but
ignores symptom severity, which has been shown to inﬂuence
health-seeking behavior.36–38 Furthermore, the calculated proba-
bilities for hospital attendance are not age-sensitive. However,
newborns, infants, and young children are more likely to attend
health facilities when showing disease symptoms.39–41 This effect
will bias the probabilities assessed for the current study, whereconstant probabilities for all ages were used. Hence, the real
morbidity among newborns, infants, and young children is
expected to be lower than in our estimates, since the admission
probability is likely to be underestimated.
The hospital survey contains data from the recorded hospital
attendees with RTIs. In general it can be assumed that the use of
hospital cases is biased in different ways. These are generally more
severe cases that need medical treatment.36,42,43 Another factor to
be considered is the differentiation between the actual referral
disease and possible concomitant diseases. Children living in
developing countries are likely to have comorbidities.44,45 For
example, RTI is a common co-infection of diarrheal disease,46
malaria, and HIV.25 In the hospital dataset, all diagnoses from a
particular hospital visit are recorded. In the case that a recorded
RTI is a co-infection, it could be rather mild.
Extrapolation was done on the basis of the recorded hospital
cases. For each recorded case the expected additional, yet
unidentiﬁed cases were extrapolated. For rare diseases or
subgroup analyses, however, estimates are based on sporadic
cases only. To obtain reliable results, the overall annual disease
rates for the whole study region, without further stratiﬁcation,
should be used. This smoothes out the variation among subgroups
and reduces the effect introduced by chance.
Developing countries in particular are heavily taxed by the
burden of RTIs.3,26,47 However, the epidemiology of RTIs in African
countries remains incomplete, with large gaps regarding morbidity
and mortality data.48 This is also true for Ghana and other
neighboring Sub-Saharan countries, where ofﬁcial data on the
distribution of RTIs are limited. This highlights the need to develop
tailored and applicable strategies to obtain data for informed
public health policymaking and health service planning. Although
the hospital-based survey approach used in this study is prone to a
variety of biases and the results thus have to be interpreted with
caution, this method offers an approach to close the information
gap in areas where disease surveillance and monitoring systems
are lacking.
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